Abstract|To grasp the physical behavior of a three dimensional vector eld phenomenon, not only its magnitude, but also its direction, loci and the streamlines of the vector eld should be visualized simultaneously. In this article, a new method for vector eld visualization which satises the above mentioned criteria is presented. The method employs in parallel the volume rendering and the streamline visualization methods, providing a highly sophisticated technique for three dimensional vector eld visualization. A successful application of the proposed visualization method for a three dimensional eddy-current distribution inside the aluminum plate is also presented.
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I. Introduction
Recent developments in computational technology enable analysis of increasingly complex and higher dimensional problems with ease, even on small or personal computers. As a result, the quantity of the obtained output data becomes a vast amount, and the usage of an adequate post-processing technique becomes indispensable for the purpose of correctly interpreting the results.
The streamline visualization technique is widely employed for observation of a spatial distribution of a 3-D vector quantity, such as magnetic ux line or eddy current line distributions [1] . Moreover, assigning the quasi-color scale to the streamlines, according to the value of the physical quantity at a specic point enables simultaneous observation of magnitudes and directions of vector eld quantity along the stramline only, not in the entire 3-D space.
Users are usually interested in observing the distribution of a physical variable over a portion of, or even an entire analysis region. However, it is very dicult to observe the 3-D vector eld by only displaying a large number of streamlines.
In this paper, the authors propose a new visualization method which successfully overcomes the aforementioned problems. This method simultaneously displays 3-D vector eld streamlines with 3-D semi-transparent vector intensity distributions, utilizing a volume rendering technique. It encompasses the advantages of both visualization techniques in one method: the easy grasping of the vector eld directions using streamline visualization, and the possibility of semi{transparent quasi{color eld intensity distribution over part or the entire analysis region using the volume rendering method [2] .
II. Proposed Visualization Method
As already mentioned, the proposed method enables a simultaneous display of the 3-D eld intensity distribution by using the volume rendering method and 3-D vector eld streamlines. However, if streamline brightness is dened independently of the distance from the viewpoint or the surrounding distribution data, one may feel that the streamline is oating from distribution data. This visualization method is improper for 3-D vector elds because it aggravates the physical meaning of the obtained results.
To avoid such a problem, we propose a volume rendering algorithm which considers the existence of the streamlines and the attenuation of the streamline brightness, caused by the magnitude of the distribution data and its distance from the viewpoint.
A. Volume rendering algorithm
The volume rendering method utilized in this paper is based on Sabella's volume rendering method [3] , for which the color intensity of the distribution data for pixel i is given by the following equation
where v(t) is the physical value on the visualization quantity at location t, h(v(t)) is the transformation function from physical value v(t) to a color value, and t si and t ei are the starting and the ending point of the distribution data which intersects with viewing vector, as shown in Fig. 1(a) . The transparency function (t) at location t is given by the following equation
where is user dened constant.
B. Rendering algorithm considering streamlines existence
If there are no streamlines inside the visualization region, we can use the Sabella's volume rendering algorithm for visualization of the eld intensity data without any modications (see Fig. 1(a) ). In order to allow the existence of streamlines, however, the Sabella's algorithm must be extended. In what follows, we will shortly describe our extension to the Sabella's algorithm in order to incorporate the streamlines visualization.
Assuming that the streamline is opaque, and that it crosses with the distribution data along the viewing vector as shown in Fig. 1(b) , all distribution data that lies between starting point t si and the streamline existance point d i is visible from the viewpoint side. For the visualization domain behind point d i to the ending point t ei , however, only part of the distribution data is visible: the area which is not obstructed by the existing streamline (see Fig. 1(b) ).
Furthermore, assuming that the brightness of the streamline itself is attenuated by the value of the distribution data which lies between points t si and d i as shown in Fig. 1(b) , the color intensity of the distribution data at pixel i, if we consider streamline existance, becomes
where A i is the occupancy rate and F i is the streamline color at pixel i. As can be seen from (3), due to the streamline existance, the integral (1) must be divided into three parts: part one for integration of the transformation function h(v(s)) between points t si and d i multiplied by the occupancy rate A i ; part two for integration between starting and ending points t si , and t ei multiplied by the variable (1 0 A i ), and part three for computation of the The usefulness of the proposed visualization method was veried using a test model comprised of a rectangular coil asymmetrically placed over an aluminum plate with an asymmetric hole (TEAM Workshop Problem 7 [4] ). Figure 2 represents the eddy current density distribution and eleven eddy current streamlines inside the aluminum plate, simultaneously viewed utilizing the proposed volume rendering and streamline visualization method.
As can be seen from Fig. 2 , the intensity distribution of eddy-currents vector eld is displayed as semi{transparent quasi{color 3-D volume data, just like a fog, and directions and loci of this vector eld are displayed using streamlines which are harmonized inside the volume data. The observer can easily grasp the magnitute, direction and loci of the vector eld inside the entire 3-D space. The visibility of the proposed method is further improved using 3-D stereo display.
